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(54) Actively-cooled distribution plate for reducing reactive gas temperature in a plasma 
processing system 



(57) A plasma processing system (10) is provided, 
having processor chamber walls (53) and/or a gas dis- 
tribution or baffle plate (54) equipped with integral cool- 
ing passages (80, 1 56) for reducing an operating tem- 
perature thereof during processing of a wafer (18) by 
the system. Cooling medium inlets (158, 82) and outlets 
(1 60, 86) are connected to the cooling passages to per- 
mit circulation of a cooling medium through the cooling 
passages. Preferably, the chamber walls (53) and the 
gas distribution or baffle plate (54) are comprised of low- 
alloy anodized aluminum and the cooling passages are 
machined directly therein, The cooling medium may be 
either liquid (e.g., water) or gas (e.g., helium or nitro- 
gen). The baffle plate (54) comprises a generally planar, 
apertured, gas distribution central portion (74) surround- 
ed by a flange (78), into both of which the cooling pas- 
sages may extend. The cooling passages in the cham- 
ber walls (53) and those in the gas distribution or baffle 
plate (54) may be in communication with one another 
so as to permit them to share a single coolant circulating 
system. Alternatively, the cooling passages in the cham- 
ber walls (53) and those in the gas distribution or baffle 
plate (54) may not be in communication with one anoth- 
er, so as to provide independent circulating systems 
(gas or liquid) for each, thereby enabling independent 
temperature control and Individual flow control thereof. 
In operation, the cooling medium in the chamber wall 
cooling passages (156) is maintained approximately 
within the range of 15° C - 30° C, and the cooling me- 
dium in the gas distribution or baffle plate cooling pas- 
sages (80) is maintained approximately within the range 
of 15° C - 80° C. Periodically, the lower baffle plate may 
alternatively be operated at up to 250° C to remove proc- 



ess residues from the surface of the plate that may oth- 
erwise condense and remain on the surface at lower op- 
erating temperatures (e.g., 15° C - 80* C). 
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Description 
Related Application 

[0001] The following U.S. patent application is incor- 
porated by reference herein as if it had been fully set 
forth: Application Serial Number: 558,606, filed on 26 
April 2000, entitled Gas Distribution Plate Assembly for 
Providing Laminar Flow Across the Surface of a Sub- 
strate (corresponding to a European patent application 
filed simultaneously herewith, agents reference J42381 
EP). 

Field of the Invention 

[0002] The present invention relates generally to the 
field of semiconductor plasma processing systems such 
as photoresist ashers, and more specifically to a active- 
ly-cooled distribution plate for reducing reactive gas 
temperature for use in such systems. 

Background of the Invention 

[0003] In the manufacture of integrated circuits, pho- 
tolithography techniques are used to form integrated cir- 
cuit patterns on a substrate, such a silicon wafer. Typi- 
cally, the substrate is coated with a photoresist, portions 
of which are exposed to ultraviolet (UV) radiation 
through a mask to image a desired circuit pattern on the 
photoresist. The portions of the photoresist left unex- 
posed to the UV radiation are removed by a processing 
solution, leaving only the exposed portions on the sub- 
strate. These remaining exposed portions are baked 
during a photostabilization process to enable the pho- 
toresist to withstand subsequent processing. 
[0004] After such processing, in which the integrated 
circuit components are formed, it is generally necessary 
to remove the baked photoresist from the wafer. In ad- 
dition, residue that has been introduced on the substrate 
surface through processes such as etching must be re- 
moved. Typically, the photoresist is "ashed" or "burned" 
and the ashed or burned photoresist, along with the res- 
idue, is "stripped" or "cleaned" from the surface of the 
substrate. 

One manner of removing photoresist and residues is by 
rapidly heating the photoresist-covered substrate in a 
vacuum chamberto a preset temperature by infrared ra- 
diation, and directing a microwave-energized reactive 
plasma toward the heated substrate surface. In the re- 
sulting photoresist ashing process, wherein the reactive 
plasma reacts with the photoresist, the hot reactive gas- 
es in the plasma add heat to the surface of the substrate 
by means of convection. Heat energy on the order of 
1 00 millliwatts per square centimeter (mW/cm 2 ) is also 
added to the wafer as a result of the surface reaction. 
Excessive heat on the surface of the wafer can damage 
devices or portions thereof which have been formed on 
or in the wafer. In addition , excessive heat on the surface 



of the wafer can cause photoresist cracking during, for 
example, high-density ion implanted (HDII) wafer ash 
processes. 

[0005] Reducing the temperature of the ashing proc- 
5 ess in the chamber will slow the reaction rate and thus 
the amount of heat added to the wafer by the surface 
reaction. However, the gas temperature, which is a func- 
tion of the gas mixture and the applied microwave pow- 
er, will remain unaffected by the reduced process tem- 
perature. The problem is exacerbated if the process in- 
cludes a reaction catalyst such as carbon tetrafluoride 
(CF 4 ) which tends to increase the rate of reaction due 
to increased production of atomic oxygen. As a result, 
the catalyst-assisted process results in higher temper- 
ature gases, even at lower process temperatures. 
[0006] A typical plasma processing apparatus is 
shown in U.S. Patent No. 5,449,410 to Chang et al. 
wherein an aluminum baffle plate or showerhead is pro- 
vided for distributing gas into a plasma chamber. How- 
ever, no means of controlling the temperature of the gas 
is shown. Accordingly, the apparatus shown will suffer 
from the adverse effects of high temperature gases as 
described above. 

[0007] In addition, because individual wafers are 
processed in a serial fashion by known single-wafer 
process chambers, systems such as that shown in U.S. 
Patent No. 5,449,410 exhibit a phenomenon known as 
the "first wafer effect", which refers to secondary heating 
of subsequent wafers caused indirectly by the heating 
of the first-processed wafer. Specifically, upon comple- 
tion of processing of the first wafer, the heated proc- 
essed wafer and the process chamber side walls radiate 
heat toward the gas distribution baffle plate (typically 
made from quartz). The heated quartz plate then indi- 
rectly provides a secondary heating mechanism for sub- 
sequent wafers that are processed in the chamber. As 
a result, the first and subsequent wafers processed by 
the system exhibit process non-uniformities. 
[0008] Still another problem with known baffle plates 
is that thermal gradients develop across the surface of 
the baffle plate. Because such baffle plates are typically 
made of quartz, due to their ability to withstand high 
process temperatures, they tend to exhibit poor thermal 
conductivity as well as undesirable infrared (IR) wave- 
length absorption characteristics. In addition, the tem- 
perature of a quartz baffle plate can be difficult to control 
if I R wavelength energy is absorbed from the wafer with 
no means for sinking or dissipating the absorbed radiant 
energy. As a result, process uniformity and system 
throughput are adversely affected. 
[0009] Thus, it is an object of the present invention to 
provide a mechanism for reducing the temperature of 
gases used in a wafer processing system such as a pho- 
toresist asher to prevent damage to the wafer during the 
ashing process. It is a further object of the present in- 
vention to reduce the temperature of reactive gases re- 
quired by low temperature processes, by incorporating 
cooling means into a gas distribution or baffle plate used 
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therein. It is yet a further object of the invention to im- 
prove wafer-to-wafer process uniformity in such proc- 
esses, by eliminating secondary heating caused by the 
"first wafer effect". It is still a further object of the inven- 
tion to provide a mechanism for providing a relatively 
flat temperature profile across the surface of the gas dis- 
tribution or baffle plate, thereby improving both high and 
low temperature within-wafer process uniformity. 

Summary of the Invention 

[0010] A plasma processing system is provided, hav- 
ing processor chamber walls and/or a gas distribution 
or baffle plate equipped with integral cooling passages 
for reducing an operating temperature thereof during 
processing of a wafer by the system. Cooling medium 
inlets and outlets are connected to the cooling passages 
to permit circulation of a cooling medium through the 
cooling passages. Preferably, the chamber walls and 
the gas distribution or baffle plate are comprised of alu- 
minum and the cooling passages are machined directly 
therein. The cooling medium may be either liquid (e.g., 
water) or gas (e.g., helium or nitrogen). 
[001 1 ] The baffle plate comprises a generally planar, 
apertured, gas distribution central portion surrounded 
by a flange, into both of which the cooling passages may 
extend. The cooling passages in the chamber walls and 
those in the gas distribution or baffle plate may be in 
communication with one another so as to permit them 
to share a single coolant circulating system. Alternative- 
ly, the cooling passages in the chamber walls and those 
in the gas distribution or baffle plate may not be in com- 
munication with one another, so as to provide independ- 
ent circulating systems (gas or liquid) for each, thereby 
enabling independent temperature control and individ- 
ual flow control thereof. In operation, the cooling medi- 
um in the chamber wall cooling passages is maintained 
approximately within the range of 1 5° C - 30° C, and the 
cooling medium in the gas distribution or baffle plate 
cooling passages is maintained approximately within 
the range of 15° C - 80° C. 

Brief Description of the Drawings 

[0012] 

Figure 1 is a sectional view of a photoresist asher 
into which is incorporated a first embodiment of a 
baffle plate constructed according to the present in- 
vention; 

Figure 2 is a partial cutaway, perspective view of 
the first embodiment of the baffle plate of Figure 1 ; 
Figure 3 is a partial cutaway, perspective view of a 
photoresist asher chamber assembly into which is 
incorporated a second embodiment of a baffle plate 
assembly constructed according to the present in- 
vention; 

Figure 4 is a partial cutaway, perspective view of a 
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lower baffle plate of the second embodiment of the 
baffle plate assembly of Figure 3; 
Figure 5 is a plan view of the baffle plate assembly 
shown in Figure 3; 
5 Figure 6 is a sectional view of the baffle plate as- 
sembly of Figure 5, taken along the lines 6-6; and 
Figure 7 is a sectional view of the baffle plate as- 
sembly of Figure 6, taken along the lines 7-7. 

10 Detailed Description of a Preferred Embodiment 

[0013] Referring now to the drawings, Figure 1 dis- 
closes a prior art photoresist asher 1 0, comprising a gas 
box 12; a microwave plasma generator assembly 14; a 
process chamber 16 defining an interior cavity 17 in 
which is heated a semiconductor substrate such as a 
wafer 1 8; and a radiant heater assembly 20 for heating 
the wafer 18, situated at the bottom of the process 
chamber. A temperature probe 24, such as a thermo- 
couple, is used to monitor the temperature of the wafer 
1 8. A vacuum pump 26 is used to evacuate the process 
chamber 16 for processes requiring vacuum conditions. 
[0014] A monochromator28 is used to monitor the op- 
tical emission characteristics of gases within the cham- 
ber to aid in process endpoint determination. The wafer 
18 is introduced into and removed from the process 
chamber via an appropriate load lock mechanism (not 
shown) via entry/exit passageway 30. Although the 
present invention is shown as being implemented within 
a photoresist asher, it may also be used in other semi- 
conductor manufacturing equipment, such as residue 
removal and strip processes. 

[0015] In operation, a desired mixture of gases is in- 
troduced into a plasma tube 32 from gas box 1 2 through 
an inlet conduit 34. The plasma tube 32 is made of alu- 
mina (Al 2 0 3 ) or sapphire to accommodate fluorine 
chemistries without etching or other degradation. The 
gases forming the desired mixture are stored in sepa- 
rate supplies (not shown) and mixed in the gas box 12 
by means of valves 36 and piping 38. One example of 
a desired gas mixture is forming gas (primarily nitrogen 
with a small percentage of hydrogen), and oxygen. A 
fluorine containing gas such as carbon tetrafluoride 
(CF 4 ) may be added to the gas mixture to increase ash- 
ing rates for certain processes. 
[0016] The desired gas mixture is energized by the 
microwave plasma generator assembly 14 to form a re- 
active plasma that wili ash photoresist on the wafer 1 8 
in the process chamber 1 6 when heated by the radiant 
heater assembly 20. A magnetron 40 generates micro- 
wave energy that is coupled to a waveguide 42. Micro- 
wave energy is fed from the waveguide through aper- 
tures (notshown) in microwave enclosure44, which sur- 
rounds the plasma tube 32. 

[0017] An outer quartz cooling tube 46 surrounds the 
plasma tube 32, slightly separated therefrom. Pressu- 
rized air is fed into the gap between the tubes 32 and 
46 to effectively cool the tube 32 during operation. The 
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microwave enclosure 44 is segmented into sections 
shown by phantom lines 45. Segmentation of the enclo- 
sure 44 allows uniform microwave power distribution 
across the length of the alumina or sapphire plasma 
tube, and protects it from overheating by preventing an 
unacceptably large thermal gradient from developing 
along its axial length when suitable input power is pro- 
vided. Each segment of the enclosure 44 is separately 
fed with microwave energy that passes through the 
quartz tube 46 and the alumina or sapphire tube 32 
passing therethrough. 

[0018] The gas mixture within the plasma tube 32 is 
energized to create a plasma. Microwave traps 48 and 
50 are provided at the ends of the microwave enclosure 
44 to prevent microwave leakage. Energized plasma 
(typically having a temperature of about 150° C) enters 
the process chamber 16 through an opening 51 in the 
top wall 52 thereof. 

[001 9] Positioned between the top wall 52 of the plas- 
ma chamber 1 6 and the wafer 18 being processed is a 
first preferred embodiment of the inventive gas distribu- 
tion (or baffle) plate 54 of the present invention. Al- 
though shown as single member baffle plate, it is con- 
templated that the baffle plate may take the form of a 
dual-layered baffle plate assembly 154 (Figures 3-7) 
comprising upper and lower baffle plates. In either em- 
bodiment, the baffle plate 54 (Figures 1 -2) and the baffle 
plate assembly 154 (Figures 3-7) evenly distribute the 
reactive plasma across the surface of the wafer 1 8 being 
processed, and provide means for cooling the gases 
within the plasma to achieve desired process results. 
[0020] With reference back to Figure 1 , in operation, 
the reactive plasma passes through the baffle plate 54 
and ashes the photoresist on the wafer 1 8. The radiant 
heater assembly 20 comprises a plurality of tungsten 
halogen lamps 58 residing in a reflector 56 that reflects 
and redirects the heat generated by the lamps toward 
the backside of the wafer 1 8 positioned within the proc- 
ess chamber 16 on quartz or ceramic pins 68. One or 
more temperature sensors 72, such as thermocouples, 
are mounted on the interior of process chamber side 
wall 53 to provide an indication of wall temperature. 
[0021] The baffle plate 54 shown in the photoresist 
asher 1 0 of Figure 1 is shown in greater detail in Figure 
2, which is designed for incorporation into a 200 millimi- 
eter (mm) wafer processing system. The baffle plate 54 
comprises a generally planar gas distribution central 
portion 74, having apertures 76 therein, surrounded by 
a flange 78. The flange 78 surrounds the central portion 
and seats intermediate the process chamber side wall 
53 and top wall 52 (see Figure 1). Seals 79 and 81 , re- 
spectively, provide air tight connections between the 
flange 78 and the side wall 53, and between the flange 
78 and the top wall 52. The seals 79 and 81 reside in 
grooves 83 and 85, respectively, located in the flange 
78 (see Figure 2). The flange 78 also provides mounting 
holes 84 for mounting to the top wall 52 and side wall 53. 
[0022] The central apertured portion 74 of the baffle 



plate 54 is provided with internal cooling passages 80 
connected to cooling medium inlet 82 and outlet 86. The 
cooling passages 80 reduce the operating temperature 
of the baffle plate 54, and extend about its central portion 
5 74 in a configuration that avoids intersection with any of 
the apertures 76. In the preferrred embodiment, water 
is used as the cooling medium, although other liquids 
(e.g., oil) or gases (e.g., helium or nitrogen) having a 
high heat capacity are contemplated. As reactive gases 
pass through the apertures 76, the cooled baffle plate 
functions as a heat exchanger to remove heat from the 
reactive gases, thereby reducing its temperature. The 
baffle plate 54 also minimizes mobile ion contamination 
that can potentially cause wafer device damage, for ex- 
ample, weakening the dielectric strength of gate oxides. 
I 

[0023] The baffle plate is preferably formed from a sin- 
gle piece of low-alloy anodized aluminum (e.g., Alcoa 
type C-276), which significantly improves the heat trans- 
fer characteristics of the baffle plate over known quartz 
baffle plates. The use of aluminum also permits the cool- 
ing passages to be drilled or machined directly therein. 
This makes the baffle plate less sensitive to inconsist- 
encies in the reflector heating system and parasitic heat- 
ing from the wafer, and allows for operation at a sub- 
stantially uniform temperature. 

[0024] The use of aluminum also blocks a large per- 
centage of ultraviolet (UV) energy emanating from the 
plasma tube that would otherwise make temperature 
control more difficult and possibly cause wafer device 
damage. Operating at a uniform surface temperature 
and minimizing exposure to UV radiation provides a 
substantial improvement in reaction rate uniformity 
across the surface of the wafer over known quartz baffle 
plates. In addition, maintaining a consistent baffle plate 
temperature eliminates the "first wafer effects" due to 
parasitic heating of the baffle plate as successive wafers 
are placed in the process chamber and heated to proc- 
ess temperature by the radiant heating system. 
[0025] Figure 3 shows a second embodiment of the 
invention, in which the baffle plate takes the form of the 
baffle plate assembly 154, which is designed for incor- 
poration into a 300 millimeter (mm) wafer processing 
system. Figure 3 is a partial cutaway, perspective view 
of a 300 mm photoresist asher chamber assembly 1 00 
(shown without an associated radiant heater assembly) 
into which is incorporated this baffle plate assembly 1 54. 
The baffle plate assembly 154 comprises a generally 
planar upper baffle plate 1 55 and lower baffle plate 1 57 
positioned generally parallel to each other and separat- 
ed from one another. The assembly 154 is shown at- 
tached to the 300 mm process chamber 116. The upper 
and lower baffle plates 155 and 157, respectively, are 
provided with apertures 1 75 and 1 76. The apertures 1 75 
in the upper baffle plate are slightly larger than the ap- 
ertures 1 76 in the lower baffle plate. A process chamber 
access port 128 is provided for either a vacuum pump 
or a monochromator. 
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[0026] In this second embodiment of the invention, 
both the baffle plate assembly 154 and the process 
chamber 1 1 6 may be provided with active cooling mech- 
anisms. With regard to the process chamber, internal 
cooling channels 156 are provided in the side walls 153 
thereof. Cooling medium inlets 158 and 160, respective- 
ly, are provided to permit entry and exit of a cooling me- 
dium, such as water, and out of the cooling channels. 
The process chamber side walls 153 are preferably 
formed from low-alloy anodized aluminum {e.g., Alcoa 
typeC-276), which permits the cooling passages 156 to 
be drilled or machined directly therein, thereby making 
the side walls less sensitive to inconsistencies in the re- 
flector heating system, and allowing for operation at a 
substantially uniform process temperature. 
[0027] Although the lower baffle plate 157 provided 
with active cooling, as explained further below, the up- 
per baffle 155 plate is also not provided with an active 
cooling mechanism. The upper baffle plate 155 is com- 
prised merely of a solid, apertured quartz plate, attached 
to the lower plate by means of posts 1 61 at attachment 
points 159 (see Figure 4 and 6). The upper baffle plate, 
which may be sapphire coated, functions to divert a por- 
tion of the hot gaseous plasma which does not pass 
through its apertures 1 75 radially outward, so as to pre- 
vent the radially inward potion of the wafer 1 8 being 
processed from overheating and to promote reaction 
rate uniformity. A non-apertured sapphire plate 1 77 (Fig- 
ures 5 and 6) covers the central portion of the upper baf- 
fle plate 155. 

[0028] The active cooling mechanism provided by the 
lower baffle plate 157 is more clearly shown in its partial 
cutaway, perspective view in Figure 4. The lower baffle 
plate 157 comprises a generally planar gas distribution 
central portion 174, having the apertures 176 therein, 
surrounded by a flange 178. The flange 178 provides 
the surface to which a top wall 1 81 of the process cham- 
ber 116 may be attached using mounting holes 184. 
Seal 179 provides an airtight connection between the 
flange 178 and the side wall 153 (Figure 3). The seal 
179 resides in a groove 183 in flange 178 (Figure 4). 
[0029] The central apertured portion 1 74 of the baffle 
plate 157 is provided with internal cooling passages 1 80 
connected to cooling medium inlet 182 and outlet 186 
(Figure 3). As shown in Figures 4 and 6, the cooling pas- 
sages 180 may extend from the flange 178 into and 
about the central portion 174 in a configuration that 
avoids intersection with any of the apertures 176. One 
preferred configuration is shown in Figure 7. 
[0030] Still further, the cooling channels may also ex- 
tend into the process chamber top wall. These individual 
cooling subsystems of these structural components (/. 
a, baffle plate, side walls and top wall) function to re- 
duce the operating temperatures thereof. The cooling 
subsystems may either share a single gas or liquid cool- 
ant circulating system, or may be provided with inde- 
pendent circulating systems (gas or liquid) so as to pro- 
vide independent temperature control and individual 



flow control thereof. Also, in embodiments of the inven- 
tion wherein active cooling of the process chamber side 
walls and top wall are also provided, by maintaining 
these chamber surfaces at between 15° C - 30° C (just 
5 above the dew point), the wafer can remain sufficiently 
cool to prevent photoresist cracking during, for example, 
high-density ion implanted (HDll) wafer ash processes. 
[0031] The cooling passages minimize the spatial 
temperature gradient across the surface of the lower 
10 baffle plate 157 and maintain the entire surface of the 
baffle plate at a uniform temperature. The cooling me- 
dium such as water (maintained, e.g., at 15° C - 80° C) 
flows into the channels 1 80 via inlets 1 82 and flows out 
via outlets 1 86 (Figures 5 and 7), using a deionized wa- 
ter recirculating system including an air-cooled chiller 
assembly. The chiller assembly has a heat removal ca- 
pacity greater than the heat generation rate of the proc- 
ess chamber even during rapid heating of the wafer. 
[0032] Although water is used in the preferred embod- 
iment as the cooling medium, other high heat capacity 
liquids or gases may be used, depending upon the re- 
quired operating temperature of the lower baffle plate. 
For example, the lower baffle plate can be operated at 
up to 250° C to remove process residues from the sur- 
face of the plate. These residues may otherwise con- 
dense and remain on the surface of the lower plate if not 
periodically exposed to higher temperatures during wa- 
fer processing. At lower operating temperatures (e.g., 
15° C - 80° C), as reactive gases pass through the ap- 
ertures 176, the lower baffle plate 157 functions as a 
heat exchanger to remove heat from the reactive gases, 
thereby reducing their temperature. 
[0033] The lower baffle plate 1 57 is preferably formed 
from a single piece of low-alloy anodized aluminum (e. 
g. t Alcoa type C-276), which improves the heat transfer 
characteristics of the baffle plate over known quartz baf- 
fle plates. The use of aluminum also permits the cooling 
passages to be drilled or machined directly therein. This 
makes the baffle plate less sensitive to inconsistencies 
in the reflector heating system and parasitic heating 
from the wafer, and allows for operation at a substan- 
tially uniform temperature. 

[0034] The use of aluminum also blocks a large per- 
centage of ultraviolet (UV) energy emanating from the 
plasma tube that would otherwise make temperature 
control more difficult and possibly cause wafer device 
damage. Operating at a uniform surface temperature 
and minimizing exposure to UV radiation provides a 
substantial improvement in reaction rate uniformity 
across the surface of the wafer over known quartz baffle 
plates. In addition, maintaining a consistent baffle plate 
temperature eliminates the "first wafer effects" due to 
parasitic heating of the baffle plate as successive wafers 
are placed in the process chamber and heated to proc- 
ess temperature by the radiant heating system. 
[0035] A pressure drop across the lower baffle plate 
157 distributes the gas flow across the upper surface of 
the plate, in addition to increasing the heat transfer rate 
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with said plasma generator (1 4) such that plas- 
ma within said generator may pass into said 
cavity and react with the surface of a substrate 
(18) residing therein; said processing chamber 
5 comprising walls (53) which at least partially de- 

fine said cavity (17), said walls provided with 
first cooling passages (156) for reducing an op- 
erating temperature thereof; 

(iii) a cooling medium inlet (158) and a cooling 
10 medium outlet (160) connected to said first 

cooling passages (156) to permit circulation of 
a cooling medium through said first cooling pas- 
sages; and 

(iv) a radiant heater assembly (20) for heating 
15 the substrate (18). 

2. The plasma processing system (1 0) of claim 1 , 
wherein said first cooling passages (156) are inter- 
nal to said walls (53). 

20 

3. The plasma processing system (10) of claim 2, 
wherein said walls (53) are comprised of low-alloy 
anodized aluminum and said first cooling passages 
(156) are machined into said walls. 

25 

4. The plasma processing system (10) of claim 2, 
wherein said cooling medium is a liquid. 



between the gas and the plate surfaces. This same ef- 
fect, in combination with the upper quartz plate 155, re- 
duces mobile ion contamination that can potentially 
cause device damage such as compromising the die- 
lectric strength of gate oxides. The combination of the 
quartz upper plate 155 and the aluminum lower plate 
157 in the dual-layered baffle plate assembly 154 has 
been found to be suitable for use in the corrosive con- 
ditions found in a process chamber used for photoresist 
removal, even when corrosive element-producing gas- 
es such as CF 4 are utilized. 

[0036] In operation, the systems 1 0 (200 mm) and 1'00 
(300 mm) have been operated using the water-cooled 
baffle plate 157 and the baffle plate assembly 154, re- 
spectively, at maximum microwave power, under which 
conditions the gas temperatures have been reduced be- 
low the minimum expected process temperature, typi- 
cally 80° C. Also, it has been possible to obtain a rela- 
tively flat temperature profile across the surface of the 
wafer during processing, resulting in reduced process 
non-uniformity due to the gas and radiation cooling ef- 
fects of the cooled lower baffle plate. Active cooling of 
the lower baffle plate also reduces thermal loading of 
the baffle plate by the first-processed wafer to improve 
wafer-to-wafer process uniformity. 
[0037] In one example, a 270* C ashing process was 
run while flowing water at 30° C through the lower baffle 
plate 157 at a flow rate of .4 gallon per minute (gpm). 
An ash rate of 5.59 microns per minute was achieved 
with a 2.25% ash rate non-uniformity across the across 
the wafer. An ash rate of 5.66 microns per minute with 
a 6.2% ash rate non-uniformity across the wafer was 
obtained with a prior quartz non-actively cooled baffle 
blate. These test results show that using an actively- 
cooled baflle plate provides significant improvements in 
the area of process uniformity with minimal effect on ash 
rates. 

[0038] Accordingly, a preferred embodiment of a 
method and system for cooling the reactive gases in a 
plasma processing system, as well as the wafer being 
processed, has been described. With the foregoing de- 
scription in mind, however, it is understood that this de- 
scription is made only by way of example, that the in- 
vention is not limited to the particular embodiments de- 
scribed herein, and that various rearrangements, mod- 
ifications, and substitutions may be implemented with 
respect to the foregoing description without departing 
from the scope of the invention as defined by the follow- 
ing claims and their equivalents. 



Claims 

1 . A plasma processing system (1 0) comprising: 

(i) a plasma generator (14); 

(ii) a processing chamber (16) having an inte- 
rior processing cavity (17) in communication 



5. The plasma processing system (10) of claim 4, 
30 wherein said cooling medium is water. 

6. The plasma processing system (10) of claim 2, 
wherein said cooling medium is a gas. 

35 7. The plasma processing system (10) of claim 6, 
wherein said cooling medium is helium or nitrogen. 

8. The plasma processing system (1 0) of claim 2, fur- 
ther comprising a baffle plate (54) positioned be- 

40 tween said plasma generator (14) and said 
processing cavity (1 7), said baffle plate (54) having 
(i) apertures (76) therein for permitting the plasma 
to pass therethrough; (ii) second cooling passages 
(80) for accepting a flow of cooling medium to re- 
45 duce an operating temperature of said baffle plate; 
and (iii) a cooling medium inlet (82) and a cooling 
medium outlet (86) connected to said second cool- 
ing passages (80) to permit circulation of a cooling 
medium therethrough. 

50 

9. The plasma processing system (10) of claim 8, 
wherein said baffle plate (54) comprises a generally 
planar, apertured, gas distribution central portion 
(74) surrounded by a flange (78), said second cool- 

55 ing passages extending from said flange into said 
apertured central portion, 

10. The plasma processing system (10) of claim 8, 



45 
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wherein said first cooling passages (156) and said 
second cooling passages (80) are in communica- 
tion with one another so as to permit them to share 
a single coolant circulating system. 

11. The plasma processing system (10) of claim 8, 
wherein said first cooling passages (156) and said 
second cooling passages (80) are not in communi- 
cation with one another. 

12. The plasma processing system (10) of claim 11, 
wherein the cooling medium in said first cooling 
passages (156) is maintained approximately within 
the range of 15° C - 30° C, and the cooling medium 
in said second cooling passages (80) is maintained 
approximately within the range of 15° C - 80° C. 

13. The plasma processing system (10) of claim 8, 
wherein said baffle plate (54) is comprised of low- 
alloy anodized aluminum and said second cooling 
passages (80) are machined therein. 

14. A gas distribution plate (54) for a plasma processing 
system, comprising: 

(i) a generally planar central portion (74) having 
apertures (76) therein for permitting gas to pass 
therethrough; 

(ii) cooling passages (80) for accepting a flow 
of cooling medium to reduce an operating tem- 
perature of said baffle plate; and 

(iii) a cooling medium inlet (82) and a cooling 
medium outlet (86) connected to said second 
cooling passages (80) to permit circulation of a 
cooling medium therethrough. 

. 15. The gas distribution plate (54) of claim 14, wherein 
said central portion (74) is surrounded by a flange 
(78), said cooling passages (80) extending from 
said flange into said apertured central portion. 

16. The gas distribution plate (54) of claim 14, wherein 
said plate (54) is comprised of low-alloy anodized 
aluminum and said cooling passages (80) are ma- 
chined therein. 

17. The gas distribution plate (54) of claim 14, wherein 
said cooling medium is a liquid. 

18. The gas distribution plate (54) of claim 17, wherein 
said cooling medium is water. 

19. The gas distribution plate (54) of claim 14, wherein 
said cooling medium is a gas. 

20. The gas distribution plate (54) of claim 19, wherein 
said cooling medium is helium or nitrogen. 



21. The gas distribution plate (54) of claim 14, further 
comprising a generally planar upper baffle plate 
(1 55) attached to said baffle plate (54) and separat- 
ed by a distance therefrom, said upper baffle plate 

5 1 55 provided with apertures 1 75. 

22. The gas distribution plate (54) of claim 21 , wherein 
said apertures (175) in the upper baffle plate (155) 
are slightly larger than said apertures (176) in the 

10 lower baffle plate (54). 

23. The gas distribution plate (54) of claim 21 , wherein 
said upper baffle plate (155) is comprised of quartz. 

15 
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